1.. Background {#S0001}
==============

One important change in the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) (American Psychiatric Association, [1994](#CIT0001)) was the inclusion of serious medical conditions as possibly traumatizing events. Since then, symptoms of posttraumatic stress disorder (PTSD) -- such as awareness under anaesthesia (Osterman, Hopper, Heran, Keane, & van der Kolk, [2001](#CIT0031)), intensive care unit survivors (Davydow, Gifford, Desai, Needham, & Bienvenu, [2008](#CIT0007)), elective lumbar spinal arthrodesis (Deisseroth & Hart, [2012](#CIT0008)) and breast cancer (Mehnert & Koch, [2007](#CIT0028)) -- have been investigated in various medical settings.

Prevalence of PTSD differs strongly among populations, types of trauma and measures (Brewin, Andrews, & Valentine, [2000](#CIT0004)). According to the DSM-5 (American Psychiatric Association, [2013](#CIT0002)), the projected lifetime risk for PTSD is 8.7% and the 12-month prevalence is 3.5% in the general US population, whereas lower estimates, around 0.5--1%, can be found in Europe. Numbers found in medical settings can vary considerably; for example, an overall incidence of PTSD symptoms following elective lumbar spinal arthrodesis was reported in 19% of all patients when including various postoperative time points (Deisseroth & Hart, [2012](#CIT0008)).

Even subclinical symptoms of PTSD, not just a fully developed disorder, have a notable impact on clinical outcome (Hart, Perry, Hiratzka, Kane, & Deisseroth, [2013](#CIT0013); Tedstone & Tarrier, [2003](#CIT0037)). Therefore, it is crucial to investigate the emergence and course of those symptoms. Studies on the development of PTSD in medical settings have been mostly restricted to life-threatening conditions, such as myocardial infarction and intracranial bleeding due to an aneurysm rupture (Hutter & Kreitschmann-Andermahr, [2014](#CIT0015); Visser-Meily et al., [2013](#CIT0041); Wasson, Shaffer, Alcantara, Schwartz, & Edmondson, [2014](#CIT0042)). Because these conditions represent medical emergencies, it was impossible to conduct a baseline (pretrauma) psychological evaluation of these patients.

Although 60% of men and 50% of women (Kessler, Sonnega, Bromet, Hughes, & Nelson, [1995](#CIT0021)) in the general population experience life events that qualify as traumatic according to the DSM-III-R, only 24% (Breslau, Davis, Andreski, & Peterson, [1991](#CIT0003)) of those cases develop PTSD. Variables modifying the risk of developing posttraumatic stress can be classified as pretrauma, peritrauma or posttrauma variables (Schnurr, Lunney, & Sengupta, [2004](#CIT0036)). In meta-analyses, peritrauma and posttrauma variables had a higher predictive value of posttraumatic stress than pretrauma variables (Brewin et al., [2000](#CIT0004); Ozer, Best, Lipsey, & Weiss, [2003](#CIT0032); Trickey, Siddaway, Meiser-Stedman, Serpell, & Field, [2012](#CIT0038)).

Recently, pretrauma risk variables were classified into six categories: (1) cognitive abilities; (2) coping and response styles; (3) personality factors; (4) psychopathology; (5) psychophysiological factors; and (6) socio-economic factors (DiGangi et al., [2013](#CIT0009)). Kessler et al. ([2014](#CIT0020)) analysed the predictive value of pretrauma variables in a large study involving individuals from 24 countries and found that posttraumatic stress symptomatology prior to exposure to a new traumatic event was the most powerful predictor.

Among the peritrauma variables found to be predictive of posttraumatic stress are perceived life threat during the trauma, peritraumatic emotional responses and peritraumatic dissociation (Ozer et al., [2003](#CIT0032)). Although peritraumatic dissociation attained the highest effect size (*r* = .35) in the meta-analysis performed by Ozer et al. ([2003](#CIT0032)), more recent findings question whether peritraumatic dissociation can be considered an independent predictor (Hagenaars, van Minnen, & Hoogduin, [2007](#CIT0012); van der Velden & Wittmann, [2008](#CIT0039)). Peritraumatic dissociation may rather be an epiphenomenon of high levels of peritraumatic distress (Fikretoglu et al., [2006](#CIT0010)). In addition to pretrauma and peritrauma variables, variables occurring after the traumatic event (posttraumatic variables, e.g. social support and life events) are associated with later posttraumatic stress (Brewin et al., [2000](#CIT0004); Ozer et al., [2003](#CIT0032)).

Although pre-, peri- and posttrauma variables were found to be predictive of posttraumatic stress, the way they interact with each other often remains unclear. Certain pretrauma variables might influence posttraumatic stress directly, while others could influence posttraumatic stress indirectly through peritrauma variables. Peritrauma variables, on the other hand, could influence posttraumatic stress either directly or indirectly through posttrauma variables occurring after the trauma. Childbirth, like elective spine surgery, is a possibly traumatizing event that is highly predictable and therefore a suitable subject for research on the relevance of pre- and peritrauma risk factors in longitudinal studies (Garthus-Niegel, Von Soest, Vollrath, & Eberhard-Gran, [2013](#CIT0011); König et al., [2016](#CIT0022); van Son, Verkerk, van der Hart, Komproe, & Pop, [2005](#CIT0040)). While some studies (e.g. König et al., [2016](#CIT0022); van Son et al., [2005](#CIT0040)) suggest both a vulnerability and a stress pathway, Garthus-Niegel et al. ([2013](#CIT0011)) found that subjective experiences during birth are the most relevant predictor of PTSD symptoms.

2.. Objective {#S0002}
=============

In this paper, we focus on the interaction between pre- and peritrauma variables regarding posttraumatic stress. Patients undergoing elective spine surgery received questionnaires within one week before, one week after and three months after the potentially traumatic event 'surgery'. Posttraumatic stress symptoms (PSS) prior to the surgery were investigated as a pretrauma variable, since posttraumatic stress symptomatology prior to the exposure of a new traumatic event was a strong predictor of posttraumatic stress in prior studies (Jubran et al., [2010](#CIT0017); Kessler et al., [2014](#CIT0020)). Peritraumatic distress in general was analysed as a peritrauma variable, because peritraumatic distress has been shown to predict posttraumatic stress better than peritraumatic dissociation (Bui et al., [2010](#CIT0006); Ladois-Do Pilar Rei et al., [2012](#CIT0023)). Our research question was whether peritraumatic distress mediates the relationship between pretrauma and posttrauma symptoms.

3.. Method {#S0003}
==========

3.1.. Study design {#S0003-S2001}
------------------

This study is part of a prospective observational study including five pre- and postoperative time points. Assessments relevant for this research question were performed one week before the surgery (T0), one week after surgery (T1) and three months after the surgery (T2). Three questionnaires of those used in the original study were included in the present study, as described below. The study was approved by the medical Ethics Committee of the University of Regensburg.

3.2.. Measures {#S0003-S2002}
--------------

The German version (Maercker, [1998](#CIT0025)) of the Posttraumatic Stress Scale (PTSS-10) (Weisæth, [1989](#CIT0043)) was used to operationalize pretrauma PSS at T0. It is a self-rating instrument covering PTSD symptoms in 10 questions and including symptoms of hyperarousal. Subjects rate the occurrence of symptoms in the last seven days on a scale of 0 ('never') to 3 ('often'). The internal consistency varies between α = .85 and α = .91. The PTSS-10 has been used as a clinical research tool in various populations, for example, after traumatic experiences, after intensive care treatment and in populations of refugees and combat veterans (Maercker, [1998](#CIT0025)).

The German version (Maercker, [2002](#CIT0026)) of the Peritraumatic Distress Inventory (PDI) (Brunet et al., [2001](#CIT0005)), covering criterion A2 of PTSD in the DSM-IV, was applied to measure peritraumatic distress at T1. Regarding the surgery as a possibly traumatizing event, the patients' experiences during the event can be assessed, such as negative emotions and perceived threat to life. The 13 items are rated on a Likert scale from 0 ('not at all') to 4 ('extremely true'), resulting in a sum score of up to 52. According to Brunet et al. ([2001](#CIT0005)), the reliability is *r* = .75--.76.

The German version (Maercker & Schützwohl, [1998](#CIT0027)) of the Impact of Event Scale--Revised (IES-R) (Weiss & Marmar, [1996](#CIT0044)) operationalized posttrauma PSS due to the surgery. It consists of 22 items covering three key symptoms of PTSD: intrusions, avoidance and hyperarousal. Patients rate their symptoms following the surgery on a 4-point Likert scale, ranging from 0 ('not at all') to 5 ('often') using only uneven numbers. A score for each of the three scales can be computed, or a total score by a regression equation can be computed, as proposed by Maercker and Schützwohl ([1998](#CIT0027)). For this study, the IES-R sum score at T2 (three months after the surgery) and the T2 sum scores of the three subscales were statistically evaluated. The internal consistency is *r* = .90 for the scale intrusions, *r* = .71--.79 for avoidance and *r* = .90 for hyperarousal (Maercker & Schützwohl, [1998](#CIT0027)).

3.3.. Participants {#S0003-S2003}
------------------

All patients enrolled in this study were undergoing elective spinal surgery at the neurosurgical department in the hospital Rechts der Isar, Munich, Germany, between March 2013 and December 2014. Elective spine surgeries are not medical emergencies but aim at improving functioning and correcting anatomical lesions. The sample included patients diagnosed with degenerative diseases or tumours: *N* = 231 patients gave informed consent to take part in the study. Of those patients, 38.5% (*n* = 89) provided data on posttraumatic stress symptomatology (PTSS-10) at T0, on peritraumatic distress (PDI) at T1 and on posttraumatic stress symptomatology due to the surgery (IES-R) at T2. The demographics of this sample are presented in [Table 1](#T0001). The included patients did not differ significantly from the drop-out patients in the investigated variables, except for the variable pretrauma PSS: posttraumatic symptomatology before the surgery (PTSS-10) was higher in the drop-out group than in the included patients (*t*(205) = 2.81, *p* = .01) with an effect size of Hedges, *g *= 0.39. The two groups did not differ in age (*t*(229) = 0.82, *p* = .41) or in variables such as gender (Fisher's exact test (FET): *p* = 1.00), diagnosis (FET: *p* = .42) and marital status (FET: *p* = .54).Table 1.Sample description.VariablesIncluded patientsDrop-outAge: *M* (*SD*)58.13 (14.50)59.72 (14.19)PTSS-10 at T0: *M* (*SD*)11.09 (6.96)13.74 (6.51)PDI at T1: *M* (*SD*)7.87 (8.60) IES-R sum score at T2: *M* (*SD*)16.39 (19.28) IES-R Intrusions score at T2: *M* (*SD*)4.67 (7.06) IES-R Avoidance score at T2: *M* (*SD*)5.94 (7.83) IES-R Hyperarousal score at T2: *M* (*SD*)5.78 (6.60) GenderFemale: *n* (%)37 (41.6)60 (42.3)Male: *n* (%)52 (58.4)82 (57.7)DiagnosisDegenerative disease, spinal fusion: *n* (%)60 (67.4)85 (59.9)Degenerative disease, other procedure: *n* (%)19 (21.3)34 (23.9)Tumour: *n* (%)8 (9)21 (14.8)Other: *n* (%)2 (2.2)1 (1.4)Marital\
StatusSingle: *n* (%)16 (18)17 (12)Married: *n* (%)61 (68.5)99 (69.7)In a relationship: *n* (%)8 (9)14 (9.9)Widowed: *n* (%)4 (4.5)11 (7.7)[^1]

3.4.. Statistical analysis {#S0003-S2004}
--------------------------

SPSS 23 was used to perform the statistical analyses. Means (M), standard deviations (SD), percentages (%) and frequencies were computed as descriptive statistics. Fishers Exact Tests (FET) and *t*-tests for independent samples were performed for the drop-out analysis. Pearson correlation coefficients were performed to investigate the relationships between pretrauma PSS, peritraumatic distress and posttrauma PSS. To analyse whether peritraumatic distress mediates the relationship between pretrauma PSS and posttrauma PSS, the PROCESS macro was used (Hayes, [2013](#CIT0014)). Within PROCESS, we chose model 4 and 10.000 bias-corrected bootstrap samples. A 95% confidence level was chosen to apply a *p*-value of .05. PROCESS was used because it generates direct effects (effect of pretrauma PSS on posttrauma PSS) as well as bootstrapped indirect effects (effect of pretrauma PSS on posttrauma PSS through peritraumatic distress). All statistical tests were performed two-tailed. Correlations as well as mediation analysis were performed for IES-R sum score and its three subscales. In the mediation analyses, IES-R at T2 (sum score and subscale scores) were the outcomes, PTSS-10 at T0 functioned as predictor and PDI at T1 as mediator. [Figure 1](#F0001) displays the path diagram of the mediation analyses.Figure 1.Path diagram of the mediation analysis. PSS = posttraumatic stress symptomatology.

4.. Results {#S0004}
===========

First, we investigated how pretrauma PSS, peritraumatic distress and posttrauma PSS are correlated with one another. The results of this analysis are presented in [Table 2](#T0002).Table 2.Correlations between pretrauma PSS, peritraumatic distress and posttrauma PSS. Pretrauma PSS\
(PTSS-10 at T0)Peritraumatic distress\
(PDI at T1)Peritraumatic distress\
(PDI at T1)0.39\*\*-Posttraumatic PSS\
(IES-R at T2)0.34\*\*0.66\*\*Posttraumatic PSS -- Intrusions\
(IES-R at T2)0.25\*0.65\*\*Posttraumatic PSS -- Avoidance\
(IES-R at T2)0.31\*\*0.47\*\*Posttraumatic PSS -- Hyperarousal\
(IES-R at T2)0.34\*\*0.67\*\*[^2]

Second, the mediating effect of peritraumatic distress on the relationship between pretrauma PSS and posttrauma PSS was analysed. The results are summarized in [Table 3](#T0003). This analysis revealed that pretrauma PSS significantly predicted peritraumatic distress (path a estimate = 0.49, *p* \< .001) and peritraumatic distress significantly predicted posttrauma PSS (path b estimate = 1.39, *p* \< .001). By inspecting the bias-corrected bootstrap confidence intervals, it can be seen that the indirect effect of pretrauma PSS on posttrauma PSS through peritraumatic distress (path a x b estimate = 0.68) was different from zero (lower limit: 0.28; upper limit: 1.21). The direct effect of pretrauma PSS on posttrauma PSS was not statistically significant (path c estimate = 0.26, *p* = .30).Table 3.Results of the mediation analysis using IES-R sum score.Normal theory test  EstimateSE*tp*Effect of pretrauma PSS on peritraumatic distress\
(path a)0.490.123.99\< .001Effect of peritraumatic distress on posttrauma PSS\
(path b)1.390.207.07\< .001Direct effect of pretrauma PSS on posttrauma PSS\
(path c)0.260.241.05.30Bootstrap results for indirect effects EstimateSELowerUpperIndirect effect of pretrauma PSS on posttrauma\
PSS through peritraumatic distress (a x b path)0.680.230.271.21[^3]

Because, the direct effect was not significant, whereas the indirect effect reached significance, it can be concluded that the relationship between pretrauma PSS and posttrauma PSS was fully mediated by peritraumatic distress. When the IES-R subscales functioned as outcomes, the mediation analyses yielded comparable results, i.e. the indirect effect became statistically significant and the direct effect did not attain statistical significance anymore (see [Tables 4](#T0004)--[6](#T0006)).Table 4.Results of the mediation analysis using IES-R subscale Intrusions.Normal theory test  EstimateSE*tp*Effect of pretrauma PSS on peritraumatic distress\
(path a)0.490.123.99\< .001Effect of peritraumatic distress on posttrauma PSS\
(path b)0.530.077.26\< .001Direct effect of pretrauma PSS on posttrauma PSS\
(path c)\< 0.010.09−0.03.98Bootstrap results for indirect effects EstimateSELowerUpperIndirect effect of pretrauma PSS on posttrauma\
PSS through peritraumatic distress (a x b path)0.260.080.110.45[^4] Table 5.Results of the mediation analysis using IES-R subscale Avoidance.Normal theory test  EstimateSE*tp*Effect of pretrauma PSS on peritraumatic distress\
(path a)0.490.123.99\< .001Effect of peritraumatic distress on posttrauma PSS\
(path b)0.370.094.06\< .001Direct effect of pretrauma PSS on posttrauma PSS\
(path c)0.170.111.45.15Bootstrap results for indirect effects EstimateSELowerUpperIndirect effect of pretrauma PSS on posttrauma\
PSS through peritraumatic distress (a x b path)0.180.080.060.40[^5] Table 6.Results of the mediation analysis using IES-R subscale Hyperarousal.Normal theory test  EstimateSE*tp*Effect of pretrauma PSS on peritraumatic distress\
(path a)0.490.123.99\< .001Effect of peritraumatic distress on posttrauma PSS\
(path b)0.480.077.25\< .001Direct effect of pretrauma PSS on posttrauma PSS\
(path c)0.090.081.10.27Bootstrap results for indirect effects EstimateSELowerUpperIndirect effect of pretrauma PSS on posttrauma\
PSS through peritraumatic distress (a x b path)0.230.080.100.41[^6]

5.. Discussion {#S0005}
==============

Correlational analysis confirms associations between pre-, peri- and post-trauma factors, meaning that pre- as well as peritraumatic factors are linked to the development of PTSD symptomatology after surgery. The correlations can be interpreted as following: people who are more distressed by PTSD symptoms before surgery exhibit more symptoms of PTSD three months after surgery. Moreover, when experiencing greater distress by PTSD symptoms before surgery, patients perceive the procedure as more stressful, and those with higher peritrauma distress suffer from more PTSD symptoms three months after the surgery.

Even though peritraumatic distress seems to be more important than preoperative distress in predicting posttrauma symptoms, as this correlation is the strongest observed, it is only when the mediation analysis is applied that its impact can be seen clearly. Not only is the linkage between peritraumatic distress and PTSD symptoms the strongest, as found in other studies (Brewin et al., [2000](#CIT0004); Kessler et al., [2014](#CIT0020); Ozer et al., [2003](#CIT0032); Trickey et al., [2012](#CIT0038)), but also the relationship between pre- and posttrauma PSS is no longer significant when peritraumatic distress is controlled for as mediating factor. This effect could be shown for main symptom clusters of PTSD, intrusions, avoidance and hyperarousal, as well as general PSS, proving that no over- or undermodulation on symptom level occurs. Peritraumatic factors are subject to controversial discussions, as opinions differ whether they are influential at all (O'Donnell, Creamer, McFarlane, Silove, & Bryant, [2010](#CIT0030)) and whether peritraumatic distress or dissociation has a stronger impact on the development of PTSD (Fikretoglu et al., [2006](#CIT0010)). In the DSM-5, the criterion A2 -- describing the experience of intensive fear, helplessness or horror during the trauma -- was removed. In contrast to this, the study at hand shows the importance of those peritrauma experiences for the development of PTSD symptoms. Even if peritraumatic distress is not included as diagnostic criterion, its relevance as risk factor should be paid attention to (Karam et al., [2010](#CIT0019)). In the study by Garthus-Niegel et al. ([2013](#CIT0011)), comparable results were found, using a similar design in another population. Childbirth as well as spine surgery, among other medical conditions, can serve as research opportunities to study general mechanisms in the development of PTSD.

Mediation analysis can provide useful new insights into risk factors for the development of PTSD reported in various studies. As soon as a relationship between two variables is established, questions arise concerning the mechanisms and conditions of that relationship. Mediation analysis can answer questions on how an effect operates (Hayes, [2013](#CIT0014)).

Various restrictions of the study have to be denoted when interpreting the results. Based on the study by Kessler et al. ([2014](#CIT0020)), posttraumatic symptomatology before the potential trauma, namely the surgical procedure, was considered a risk factor. The short screening instrument used in this study, the PTSS-10, can be criticized for containing a range of symptoms not specific for PTSD, such as sleeping problems. In general, questionnaires may not cover all aspects of a diagnosis and therefore may not be applicable as a diagnostic tool (Jackson et al., [2007](#CIT0016)). Consequently, the PTSS-10 could be seen rather as a measure of general psychological distress caused by the anticipation of the upcoming surgery and complications during the procedure. Moreover, the consequences of the patients' conditions, like pain, various treatments or handicaps, are possibly distressing as well. On the other hand, the PTSS-10 and all the measures of this study are psychometrically sound screening instruments that are especially helpful when quick orientation is needed (Nickel et al., [2004](#CIT0029)).

In our study, possible confounds, such as gender, age, duration of surgery or depression, were not analysed due to the small sample size. Moderated mediation analyses (Hayes, [2013](#CIT0014); Probst et al., [2016](#CIT0033)) are needed in the future to evaluate whether the contribution of pre- and peritraumatic factors on the development of PTSD symptoms is different for e.g. different age groups.

High drop-out rates may also restrict generalizability. Results have to be treated with care. High drop-outs are unfortunate yet common in longitudinal studies, such as König et al. ([2016](#CIT0022)) and van Son et al. ([2005](#CIT0040)). We did not ask for dropout reasons and recommend to do so in future studies. Nevertheless, the study and the dropout sample only differed in one variable, the level of pretrauma PSS. This difference is relatively small (effect size g = .39). T

he longitudinal design of this study is a crucial strength since previous mediation analyses were often cross-sectional (Lee et al., [2015](#CIT0024); Probst, Pryss, Langguth, & Schlee, [2016](#CIT0034)).

Besides strengths and limitations of this specific study, the concept of PTSD in medical settings is a controversial matter (Rosen, Spitzer, & McHugh, [2008](#CIT0035)). Being affected by an illness and being exposed to a possibly traumatic experience is a rather new subject of interest. It is hard to define which aspect of it causes posttraumatic stress, as a medical condition itself can be seen as a psychological burden (Kangas, Henry, & Bryant, [2002](#CIT0018)). As rather low levels of PTSD in this study indicate, elective spine surgery may not be perceived as a traumatic experience by most patients. Peritraumatic distress in medical and specifically neurosurgical settings differs from experiences e.g. during a natural catastrophe or combat situations. In the DSM-5 (American Psychiatric Association, [2013](#CIT0002)), only a few situations in medical settings are included as traumatic: 'A life-threatening illness or debilitating medical condition is not necessarily considered a traumatic event. Medical incidents that qualify as traumatic events involve sudden, catastrophic events (e.g. waking during surgery, anaphylactic shock)' (p. 274). According to Rosen et al. ([2008](#CIT0035)): 'Criterion A events are neither necessary nor sufficient to produce PTSD. Instead, they appear to represent high-magnitude stressors that are otherwise indistinct from the full range of stressors that can have an impact on an individual and create risk for psychiatric morbidity' (p. 3).

6.. Conclusions {#S0006}
===============

This study adds important evidence to the controversial discussion on risk factors for PTSD in medical settings. The finding that patients who are distressed preoperatively show more symptoms of PTSD after surgery can only be understood when patients' reactions, emotions and thoughts during or shortly before and after surgery are taken into account. To be able to generalize such results, they need to be researched and replicated in other settings. For spinal surgeons specifically, our study shows that peritraumatic distress and the subjective stress patients experience due to the surgery has to be taken seriously. Assessing this distress in a short questionnaire after surgery can help identifying patients at risk of developing symptoms of PTSD. Consequently, those patients should be considered for psychological treatment in order to ensure not only mental health but also optimal recovery.
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[^1]: *M* = mean; *SD* = standard deviation.

[^2]: \*\* *p* \< .001.

[^3]: SE = standard error; PSS = posttraumatic stress symptoms.

[^4]: SE = standard error; PSS = posttraumatic stress symptoms.

[^5]: SE = standard error; PSS = posttraumatic stress symptoms.

[^6]: SE = standard error; PSS = posttraumatic stress symptoms.
